The hepatoblastoma cell line Hep G2 was transfected with a plasmid carrying the gene that confers resistance to G418 and four 5'-3' tandem copies of the hepatitis B virus (HBV) genome positioned such that two dimers of the genomic DNA are 3'-3' with respect to one another. Cells ofone clone that grew in the presence of G418 produce high levels of hepatitis B e antigen and of hepatitis B surface antigen. HBV DNA is carried by these cells as chromosomally integrated sequences and episomally as relaxed circular, covalently closed, and incomplete copies of the HBV genome. Viral DNA was detected also in conditioned growth medium at the buoyant densities characteristic for infectious Dane and immature core particles. Finally, HBV-specific components morphologically identical to the 22-nm spherical and filamentous hepatitis B surface antigen particles as well as 42-nm Dane particles were visualized by immunoelectron microscopic analysis. Therefore, we have demonstrated that the Hep G2 cell line can support the assembly and secretion not only of several of the replicative intermediates of HBV DNA but also of Dane-like particles. This in vitro system can now be used to study the life cycle of HBV and the reaction of immunocompetent cells with cells carrying HBV.
ABSTRACT
The hepatoblastoma cell line Hep G2 was transfected with a plasmid carrying the gene that confers resistance to G418 and four 5'-3' tandem copies of the hepatitis B virus (HBV) genome positioned such that two dimers of the genomic DNA are 3'-3' with respect to one another. Cells ofone clone that grew in the presence of G418 produce high levels of hepatitis B e antigen and of hepatitis B surface antigen. HBV DNA is carried by these cells as chromosomally integrated sequences and episomally as relaxed circular, covalently closed, and incomplete copies of the HBV genome. Viral DNA was detected also in conditioned growth medium at the buoyant densities characteristic for infectious Dane and immature core particles. Finally, HBV-specific components morphologically identical to the 22-nm spherical and filamentous hepatitis B surface antigen particles as well as 42-nm Dane particles were visualized by immunoelectron microscopic analysis. Therefore, we have demonstrated that the Hep G2 cell line can support the assembly and secretion not only of several of the replicative intermediates of HBV DNA but also of Dane-like particles. This in vitro system can now be used to study the life cycle of HBV and the reaction of immunocompetent cells with cells carrying HBV.
The human pathogen hepatitis B virus (HBV) is one of a family of small DNA hepadnaviruses that share the ability to cause liver damage but differ completely in their host range specificity. The genome of HBV (as well as those of all of the hepadnaviruses) is a relaxed circular, partially double-stranded DNA molecule that is held together by hydrogen bonding of the ='300-base-pair (bp) 5' cohesive termini (1) . The (-) strand has an invariable length of -3.2 kilobases (kb), whereas the (+) strand is .20% of this length (2) .
Investigation of the expression and replication of the HBV genome as well as the full viral life cycle has been hampered by the lack of an in vitro tissue culture system in which HBV is propagated. In numerous attempts to rectify this situation, several mammalian cell lines have been transfected with cloned HBV DNA (3) (4) (5) (6) (7) (8) (9) (10) . Thus Knowles. These cells were transfected with pDolTHBV-1, a vector that contains two head-to-tail dimers of HBV in a tail-to-tail orientation. Transformation with the plasmid was mediated by exposure of the cells to pDolTHBV-1 in the presence of 5 umg of Polybrene per ml (17, 18) . The cultures were incubated at 37°C for 6 hr, and the cells then were shocked for 4 min with 30% dimethyl sulfoxide in minimal essential medium (MEM), washed several times with phosphate-buffered saline (PBS) containing Ca2' and Mg2+, and maintained thereafter in MEM supplemented with 10% fetal bovine serum and 380 ,ug of G418 per ml. Clones of cells that grew in the presence of G418 were isolated, allowed to grow to confluence, and tested for their ability to synthesize and secrete HBsAg and HBeAg. One of the clones obtained in this manner, designated 2.2.15, has been maintained for >6 months and was analyzed as described below. All cultures were maintained at 37°C in a moist atmosphere containing 5% CO2 in air.
Assay of HBV-Specific Proteins. HBsAg was identified by solid-phase radioimmunoassay (RIA, Travenol-Genentech Diagnostics, Cambridge, MA). Various dilutions of culture medium conditioned by the 2.2.15 cells were assayed according to the manufacturer's specifications. The cpm obtained from the medium samples were compared to dilution from a standard preparation of HBsAg. HBeAg was detected in the medium by a RIA kit obtained from Abbott. A signal-to-noise ratio of >2 was considered positive.
Isolation and Analysis of DNA. Total cellular DNA was isolated from cells by the method of Jeffreys and Flavell (19 
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S04 following the method described by Hirt (20 94.2 Assays were performed by using the HBsAg RIA from Travenolmonth. The cells also consistently synthesized and secreted levels ofHBeAg that gave signal-to-noise ratios of :114 (data not shown). This level is considerably higher than those obtained from testing conditioned medium samples from any of our clonal lines of HBV-transfected murine fibroblasts (5, 22) .
Identification of Extracellular and Intracellular HBV DNA. Southern blotting of undigested total cellular DNA indicated that HBV DNA sequences integrated chromosomally and were also present in a low molecular weight, episomal form (data not shown). To examine the nature of this intracellular, episomal HBV DNA, low molecular weight DNA was isolated and =20 ,g was Southern blotted (Fig. 1, lane a) along with DNA purified from =40 ml of medium that had been conditioned by the cells for 10 days (Fig. 1, lane b) . The majority of HBV DNA in both samples appears to be in the form ofcovalently closed circular (ccc) and nicked recircularized forms, together with incomplete copies of the genome.
Characterization of HBV DNA in Particles. DNA isolated from fractions of cesium chloride gradients was analyzed by Southern blotting to determine the precise nature of the HBV DNA that was carried within assembled viral particles (Fig.  2) . The hybridization pattern obtained indicated that at densities similar to those of infectious Dane particles (23), between 1.22 and 1.25 g/ml, HBV DNA was present primarily in the form of full-length, nicked, and recircularized molecules (Fig. 2B, fractions 10-12 between 1.25 and 1.36 g/ml contained DNA with electrophoretic mobilities indicative of either partially doublestranded molecules or single-stranded HBV DNA (Fig. 2B,  fractions 13-16 ). At densities typical for immature core particles (23, 24) , the overall pattern of hybridization (Fig.  2B, fractions 17-19 ) was strikingly similar to that obtained in the low molecular weight intracellular DNA (Fig. 1, lane a) . Whether the DNA identified at high densities is secreted as part of immature core particles or is a consequence of cell lysis remains to be determined.
Identification of HBV Particles by Immunoelectron Microscopic Examination. When gradient fractions ofdensity -1.22 g/ml containing medium from the 2.2.15 cells were examined, several individual 42-to 46-nm virus particles as well as many 22-nm spherical particles were identified (data not shown). In samples that had been immunoprecipitated with antiserum directed against HBsAg, immune complexes were obtained, some of which include many HBsAg 22-nm spherical and filamentous particles and several 42-nm double-shelled Danelike particles (Fig. 3) . Interestingly, these particles were detected not only at a density of 1.22 g/rnl but also at a density of 1.38 g/ml. However, no HBV-associated particles were found when similar fractions were examined from gradients containing medium from control, Hep G2 cells.
DISCUSSION
The establishment of an in vitro system in which the replication, pathobiology, and oncogenic potential of HBV, a member of the family of hepadnaviruses, can be investigated has proven to be elusive. Summers and his co-workers (25) showed that Peking duck liver cells in culture are capable of supporting duck hepatitis virus replication. The advantage of this system over the system reported here is that the penetration and the uncoating of the virus can be studied. On the other hand, we confirm the data of Will and his collaborators (16) acts as a template for the transcription of the pregenomic RNA. Furthermore, the forms of HBV DNA isolated from cesium chloride equilibrium density gradients at densities equivalent to those of Dane and immature core particles possess electrophoretic mobilities similar to the DNA isolated from authentic viral components (23, 24, 27, 28) . In addition, the medium contains much higher amounts of HBeAg than any medium of other transfected cells. Rutter and his co-workers (29) 
